Background. Prospective epidemiological studies indicate that elevated heart rate may carry increased risk for coronary heart disease. Little is known about the relation between heart rate and serum lipid and lipoprotein concentrations in the general population.
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Background. Prospective epidemiological studies indicate that elevated heart rate may carry increased risk for coronary heart disease. Little is known about the relation between heart rate and serum lipid and lipoprotein concentrations in the general population.
Methods and Results. We assessed anthropometric and life-style determinants of heart rate and examined the association between heart rate and serum lipid and lipoprotein concentrations in a cross-sectional study of 9,719 men and 9,433 women 12-59 years old. Stratified and multivariate analyses were used to detect possible modification of effect and to control for confounding variables. Heart rate was positively associated with male sex and smoking, decreased with body height and physical activity, and showed a U-shaped relation to body mass index. In both sexes, there was a significant progressive increase in age-adjusted levels of total cholesterol, non-high density lipoprotein (HDL) cholesterol, and triglycerides and a decrease in HDL cholesterol with heart rate. Men with heart rate >89 beats per minute had 14.5% higher non-HDL cholesterol and 36.3% higher triglyceride levels than men with heart rate <60 beats per minute. The corresponding differences in women were 12.5% and 22.2%. The associations remained significant when anthropometric and life-style factors were controlled for. The slopes relating total and non-HDL cholesterol level to heart rate were steeper with advancing age.
Conclusions. Increases in heart rate correlate with higher levels of atherogenic serum lipid fractions in the general population. Alterations in aortic impedance and/or autonomic influences may underlie these associations. (Circulation 1992; 86:394-405) KEY WoRDs * cholesterol * triglycerides * epidemiology * coronary heart disease * impedance, aortic * nervous system, sympathetic P rospective epidemiological studies point to high heart rates as a risk factor for coronary heart disease (CHD) mortality,1-4 and heart rate has been found to correlate with the severity of coronary atherosclerosis in young postinfarction patients. 5 The mechanisms that link heart rate with CHD are not known, but it has been suggested that heart rate can influence atherosclerosis directly because of local hemodynamic effects of pulsatile flow, such as oscillations in shear-stress direction.6 Another possibility is that heart rates are not in themselves causally related to CHD but are associated with CHD through other risk factors such as smoking, blood pressure, exercise, body weight, or lipid abnormalities.2,3.7-10 Two prospective studies3,4
showed that the association between heart rate and CHD became nonsignificant in multivariate analysis controlling for smoking, serum cholesterol, blood pressure, and body weight, whereas in the Framingham study,' heart rate remained associated with CHD independently of these factors.
Cross-sectional studies have reported a weak positive correlation between heart rate and serum total cholesterol levels,2,8-10 but the results were inconsistent within population subgroups defined by sex, age, or race.8,9 A small study in a selected group of 81 healthy white men found that heart rate correlated positively with serum low density lipoprotein (LDL) and inversely with high density lipoprotein (HDL) cholesterol levels." Little is known about the relation between heart rate and serum lipoprotein fractions in the general population.
Previous epidemiological studies of heart rate and CHD or serum lipid levels calculated heart rate from ECG recordings taken during a physical examination. In one study, only three cardiac cycles were used to estimate heart rate.2 Unreliability of heart rate assessment may possibly contribute to failure to detect associations and inconsistent findings.
We studied the cross-sectional association between heart rate and serum total, non-HDL, and HDL cholesterol and triglyceride levels in a population of more than 19 ,000 young and middle-aged men and women. This large data set allowed an analysis of whether B0naa and Arnesen Heart Rate and Serum Lipid Levels 395 relations between heart rate and blood lipid levels depended on age, sex, anthropometric, and life-style factors. To improve the reliability of the heart rate assessment, we measured heart rate during [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 20 In a random sample (n=609) from the present study population, self-reported physical activity in leisure time was positively associated (p<0.001 in both sexes) with physical fitness as measured by bicycle ergometry. 22 
Measurements
The participants were not requested to fast. Height and weight were measured in light clothing without shoes; body mass index was calculated as weight in kilograms divided by the square of height in meters. Blood pressure and heart rate were recorded in a separate, quiet room with only a specially trained nurse present. An automatic device (Dinamap Vital Signs Monitor 1846, Critikon Inc., Tampa, Fla.) was used. The instrument initially inflates the cuff to about 170 mm Hg; there is a low-pitched hum from the compressor during inflation. Arterial pressure is determined by the oscillometric method23 during incremental deflations of the cuff, and heart rate is derived from the median pulse-to-pulse interval during the time that blood pressure is measured. 24 The Dinamap typically takes 20-30 seconds to obtain blood pressure, implying that heart rate is estimated from 10 to 15 cardiac cycles. Seven instruments calibrated at regular intervals with the same mercury sphygmomanometer were used. One of three cuff sizes was selected, according to upper right arm circumference. After the participants had been seated for 2 minutes, three recordings were made at 2-minute intervals. The lowest value is used in this report. The difference between the highest and the lowest value obtained at the three measurements of heart rate was calculated and is referred to as "heart rate lability."
After completion of the Dinamap measurements, the participants went to another room where venipuncture was performed with the subjects in a sitting position. A light tourniquet was used but was released before sampling. After 30 minutes, the coagulated samples were centrifuged at 1,00g for We first examined the relation between heart rate and selected anthropometric and life-style characteristics. Sex-specific linear regression modeling was used for multiple adjustment, with heart rate (beats per minute) as dependent variable and the following independent variables: age (years), body mass index (kilograms per square meter), body mass index squared, height (centimeters), number of cigarettes smoked per day, physical activity in leisure time (four categories as defined above coded from 1 to 4), and cups of coffee drunk each day (four categories as defined above coded from 1 to 4). To avoid collinearity between the first-and the secondorder terms for body mass index, the centered value (observed value minus the sex-specific mean value) was used in the analysis.26 Linear trend was also evaluated by computation of Pearson correlation coefficients. Differences between sexes were examined by ANCOVA.
The association between heart rate and serum lipid levels was examined for each sex separately by one-way ANCOVA with heart rate as grouping variable (<60, 60-69, 70-79, 80-89, or >90 beats per minute, coded from 1 to 5) and the following covariates (defined and coded as mentioned above): age, body mass index, body mass index squared, height, number of cigarettes smoked per day, physical activity in leisure time, and cups of coffee drunk each day. Time since last meal (seven categories coded from 1 to 7) was introduced as covariate only in the analysis of triglyceride levels. Linear trend across heart rate categories was evaluated by testing partial regression coefficients in corresponding multiple linear regression models. Because analyses using log transformed and non-log transformed triglyceride values gave essentially the same results, the latter were used.
The partial linear regression coefficients (slopes) for the serum lipid levels (millimoles per liter) on heart rate, controlling for the variables mentioned above, were calculated within age strata. The significance of differences between the regression coefficients was tested according to the formula z=(B1 -B2) E12+ SE2 2 where B1 and B2 are the regression coefficients and SE1 and SE2 are the respective standard errors of the coefficients. One-way ANCOVA was used to compute the age-adjusted mean serum cholesterol level within categories defined by heart rate and body mass index (12 categories), heart rate and physical activity (12 categories in men and 11 in women), or smoking habit (eight categories). Serum non-HDL cholesterol level was also examined by two-way ANCOVA with heart rate and diastolic blood pressure as grouping variables and the variables mentioned above as covariates. The tests are two-tailed throughout. Values ofp<0.05 were considered statistically significant. The spss-x program was used. 27 Results
Determinants of Heart Rate in the Population
Women have faster heart rates than men (Table 1) . Above the age of 20, there is a slight increase in heart rate with age. Heart rate shows a U-shaped relation to time physical activity, and increases with cigarette smoking or coffee consumption. Coffee consumption correlates inversely to physical activity (r= -0.21 in men and r= -0.18 in women) and directly to cigarette smoking (r=0.35 in both sexes), and it was not related to heart rate when these variables were controlled for ( Table 2 ). The variables included in the regression analysis explained a higher amount of heart rate variability in men than in women ( Table 2 ). The mean height was 177.3 cm in men and 164.5 cm in women. The difference in heart rate between sexes was lowered by 29% (from 4.9 to 3.5 beats per minute) when adjusted (by ANCOVA) for height.
Relation Between Heart Rate and Serum Lipid Levels
In both men and women, there is a progressive increase in the age-adjusted concentration of serum total cholesterol, non-HDL cholesterol, and triglycerides throughout the usual range of heart rate ( Table 3) . Compared with men with heart rate <60 beats per minute, the mean non-HDL cholesterol level was 14.5% higher in those with heart rate >89 beats per minute, and the mean triglyceride level was 36.3% higher. In women, the corresponding figures were 12.5% and 22.2%. The HDL cholesterol levels decreased with faster heart rates. Additional adjustment for body mass index, height, smoking, physical activity in leisure time, and coffee consumption modifies the relations between heart rate and the serum lipids, but the associations remain highly significant. The strength of the association between heart rate and the various blood lipid fractions was similar in men and women (Table 4) . In both sexes, height shows a strong inverse relation to total and non-HDL cholesterol levels and a much weaker relation to HDL cholesterol and triglyceride levels. The relation between height and the serum lipids was similar within 10-year age strata (data not shown). In a subgroup of fasting persons, there was a significant progressive increase in LDL and VLDL cholesterol levels with heart rate ( Table 5) .
The results were similar when the maximum, the mean, or the median values of the three heart rate recordings were used in the analysis (data not shown).
Stratified Analysis
In persons <20 years old, heart rate was not significantly related to serum cholesterol levels, and the association with triglyceride level was weaker than in older subjects (Table 6 , Figure 1 ). In contrast, in both men and women older than 20 years, heart rate correlated with total and non-HDL cholesterol levels within 10-year age strata. The slopes relating blood lipids to heart rate were steeper with age. For total and non-HDL cholesterol, the slopes were significantly steeper in subjects older than 30 years compared with subjects younger than 30 years (p<O.Ol for all comparisons in both sexes). The inverse relation between heart rate and HDL cholesterol level was significant in men aged 40-49 years and women aged 20-29, 30-39, and 40-49 years. In both sexes, the age-adjusted total cholesterol level increased with heart rate within strata divided according to height (Figure 2 ), body mass index (Figure 3 ), physical activity in leisure time (Figure 4 ), or smoking ( Figure 5 ).
In men the association was weak in the highest category of body mass index, and the slopes tended to be steeper at body mass index, decreases with body height or leisure In both sexes, there was a weak positive association between heart rate lability and age-adjusted serum total and non-HDL cholesterol levels (Table 8 ). In men, triglyceride level increased with heart rate lability. The findings were not altered notably when physical activity or smoking was controlled for. In men, heart rate lability remained significantly associated with total and non-HDL cholesterol and triglyceride levels when it was included as independent variable in the linear regressions shown in Table 4 .
Discussion
The data reported here demonstrate that heart rate correlates with atherogenic blood lipid fractions in the general population. The results extend previous studies that showed positive correlations between serum cholesterol and heart rate"' or blood pressure14.28 by showing that heart rate and blood pressure are independently related to non-HDL cholesterol levels. Heart rate correlated with sex, anthropometric variables, and smoking, but these relations could not explain the association between heart rate and blood lipid levels. The U-shaped relation between heart rate and body mass index is noteworthy. A possible U-shaped relation of heart rate with subscapular skinfold has been reported in youths. 9 Findings of cross-sectional surveys tend to become biased so that persons with the highest CHD risk factor levels are underrepresented.29,30 Thus, the actual corre- levels in men,33 the effect is less certain in women, 34 and it appears that exercise produces little change in total or LDL cholesterol levels. 35 Finally, a smaller study showed that heart rate was significantly related to serum lipoprotein levels also when maximum aerobic power was controlled for." On the basis of this background, we believe that the association between heart rate and blood lipids reported here is not a consequence of physical activity.
The cross-sectional study design is not well suited for making inferences about cause and effect; nevertheless, such data can provide relative support to different hypotheses about causes and/or mechanisms. It seems unlikely that heart rate in itself modulates serum lipid levels, because the lowering of heart rate by ,B-adrenergic blocking agents may alter serum lipid levels in the opposite direction to what is shown here.36-38 It is more likely that faster heart rate is a consequence of high blood lipid levels, or that heart rate and blood lipids are related through common underlying factors, or both. In the following, we will discuss possible mechanisms in light of the observed modification of effect by age.
Relations Between Heart Rate and Body Length and Arterial Stiffening
One possibility is that heart rate and atherogenic blood lipid fractions are related depending on alterations in pulse wave transmission as a consequence of atherosclerotic stiffening of the arterial tree. [39] [40] [41] [42] [43] [44] [45] Comparisons between mammalian species show that there is an inverse relation between heart rate and body length.39 '40 The present data show that this relation also exists in humans. Milnor39 has suggested that the length of the arterial tree and heart rate are matched in a way that minimizes vascular impedance (the ratio of pulsatile flow pressure to pulsatile flow)41 and cardiac work. Because of nonuniform elasticity and the branching of arteries, reflected waves are created.41 A backwardtraveling wave may reinforce the forward-traveling wave or partially cancel it and thereby influence the hydraulic energy that the heart must supply to move blood through the system. 41 The reflected wave will reach the heart before the end of the ejection if the aorta is short and the heart rate is low. If the reflected wave reaches the heart when the aortic valve is closed, however, it is rereflected and added to the later part of the ejection. 40 This resonance effect minimizes the loss of energy associated with reflected waves. Pulse wave velocity is similar in different animals, indicating that the frequency range of minimal impedance is determined by body length. 40 We observed that the slope relating serum total and non-HDL cholesterol level to heart rate became steeper with age. Hypercholesterolemia is a major precursor for atheromatous arterial disease, including intimal thickening and increased collagen deposition. These changes become more advanced with age and have been shown to alter passive mechanical arterial properties such as aortic distensibility.42-45 Aortic stiffness, which is greater in coronary heart disease patients than in healthy subjects,42-45 increases pulse wave velocity40 and results in earlier pulse wave reflection. The extra work imposed by the increase in vascular impedance may be minimized by increasing the heart rate,40 and this could partly explain why the slopes relating cholesterol to heart rate were steeper with advancing age in the present data.
Autonomic Nervous Activity, Heart Rate, and Serum Lipids
Variation in heart rate is mediated by the combined effects of the chronotropic inhibitory parasympathetic Heart rate (beatemin) FIGURE 1. Plot of mean serum total cholesterol concentration according to heart rate and age in 9,719 men and 9,433 women. T bars are SEM.
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.c170 Heart rate(beats/min) FIGURE 2. Plot of age-adjusted mean serum total cholesterol concentration in 9,719 men and 9,433 women according to heart rate and height. T bars are SEM. *Change was calculated as the difference between the highest and lowest values of three heart rates measured at 2-minute intervals (referred to as "heart rate lability" in the text).
Heart Rate as a Marker of Stressor-Induced Cardiovascular Reactivity
Conceptually, "casual" measurements of heart rate in epidemiological studies may reflect the basal states of individuals or alternatively may represent a degree of sympathetic responsiveness to the examination environment. 72, 73 This study attempted to record heart rate in a quiet and comfortable atmosphere. However, at least 15 minutes of rest may be required to obtain a reasonable assessment of resting heart rate that is not significantly contaminated by habituating to the examination environment. 74 Anticipation of the pain associated with venipuncture may have caused the heart rate to increase above the basal level.75 In addition, some participants reported discomfort or pain caused by compression of the arm during cuff inflation, which may partly account for the increase in heart rate across the three Dinamap recordings. Therefore, it appears that the heart rates measured in this study to some extent reflect various degrees of emotional arousal, or "stress." A large body of earlier observational and experimental research has focused on possible variability of plasma lipids in response to emotional arousal.76 More recently, large accelerations in heart rate during standardized stress have been associated with higher pretest levels of atherogenic blood lipids in hypertensive men77 and with lower HDL cholesterol level and greater coronary atherosclerosis in nonhuman primates.78 Heart rate reactivity to laboratory tasks appears to be a stable trait over time79 and has been found to correlate with plasma catecholamines80 and with heart rate responses during daily life. 81 The present study provides further evidence for a link between hemodynamic variables and blood lipid levels in the general population. We speculate that this relation may partly be a consequence of atherosclerosis and partly depend on neuroendocrine factors influencing both cardiovascular functioning and lipid metabolism.
